Introduction
After the Devonian crisis (Eder and Franke, 1982; Webb, 2002) reefs, and especially coral reefs, had become rather rare due to cooling associated with the shift from "greenhouse" to "icehouse" global climate. In the Mississippian, reefs were still reasonably common in Northwest Europe (e.g., Stubblefield, 1960; Bridges et al., 1995; Lees and Miller, 1995; Aretz, 2002) . In the Pennsylvanian, further cooling and the influx of siliciclastic material prevented reef forming in most regions, such as Northwest Europe with its paralic deposits. According to Twenhofel (1950) the rarity of Pennsylvanian reefs over large parts of North America was due to muddy water. In the Pennsylvanian, reef structures developed in Texas (West, 1988) leading to the large Permian reef complexes. The Cantabrian Mountains of northwest Spain provide an exceptional example of Pennsylvanian reef mound development (Webb, 2002; Wahlman, 2002) . During the entire Carboniferous, the biogenic structures on carbonate platforms were mainly formed by calcareous algae, bryozoans, pelmatozoans, and (chaetetid) sponges (Sommerville et al., 1996; Minwegen, 2001; Wahlman, 2002) , although small coral reefs did occur (e.g., Rodríguez, 1996; Aretz and Herbig, 2003; Sano et al., 2004; García-Bellido and Rodríguez, 2005) . Associated faunas, brachiopods in particular, sometimes show peculiarities, which may suggest an adaptation to reef environment (e.g., Mundy and Brunton, 1985; Brunton and Mundy, 1988) . The presence of closely related or similar forms among the rich brachiopod faunas from the Permian reefs of Texas (Cooper and Grant, 1972-1977) support this interpretation.
In the present paper it is intended to show the importance of the Pennsylvanian (brachiopod) faunas from the Cantabrian Mountains for the survival of these faunas from the Mississippian into late Pennsylvanian and Permian. To explain the special position of these faunas, the geological history of the Cantabrian Mountains during the Devonian and Carboniferous is summarised with special emphasis on the Pennsylvanian, a period of tectonic activity in that area.
The Cantabrian Mountains
The Palaeozoic core of the Cantabrian Mountains in northwestern Spain (Cantabrian Zone of Lotze, 1945) represents an arcuate fold belt ( Fig. 1) , which consists of thrust slices and small nappes caused by diastrophic movements of various Carboniferous ages, resulting from a tightening of the arc. The further subdivision of the Cantabrian Zone, as proposed by Julivert (1967 Julivert ( , 1971 , reflects major faults in the area constituting a single palaeogeographical region. The thrust structures have been moulded around a foreland spur that became more and more restricted to the east as time went by (see Wagner and Martínez García, 1974; Wagner, 2004) . This foreland massif was called the Cantabrian Block by Radig (1962) . The general region of the Picos de Europa represents the more permanently stable area in which carbonate sedimentation was the norm throughout the Carboniferous. During the Early Palaeozoic a strongly subsident basinal area was situated in the West Eichmüller and Seibert, 1984; Rodríguez Fernández, 1993; Sánchez de Posada et al., 1998; and Wagner and Winkler Prins, 1999) . The Carboniferous formations crop out in thrust sheets showing near vertical successions ranging in age from Cambrian to Carboniferous.
Asturian-Leonese Zone (Lotze, 1945) , receiving sediment from an enveloping hinterland to the west and south. It moved to the Cantabrian Zone during the Pennsylvanian. The Palaeozoic edifice is covered by an unconformable succession of highest Pennsylvanian (Stephanian C), Permian, Mesozoic, and Cenozoic sediments. A discussion of the different views on the complicated tectonics of the Cantabrian Mountains is beyond the scope of this paper. The Devonian and Carboniferous deposits of the Cantabrian Zone can be divided into two sedimentary areas, the Asturo-Leonese and Palentian realms, which are separated by the Ruesga Fault, a line of major shortening due to the tightening of the arcuate fold belt (Wagner and Winkler Prins, 1999) . I will practically confine myself to the Asturo-Leonese succession. During the Devonian, the southern and western part of the Asturo-Leonese realm subsided most, providing a complete succession with reef development in the Lower-Middle Devonian (e.g., Brouwer, 1964; Mohanti, 1972; Becker et al., 1979; Frankenfeld, 1982; Méndez-Bedia et al., 1994) . Towards the north(east) a tectonic high developed and the formations wedge out in that direction. This is at least partly due to a phase of uplift during the Famennian (Comte, 1938; Parga, 1969; Reijers, 1973) . The unconformable late Famennian -early Tournaisian Ermita Formation consists largely of sandstones derived from erosion of the underlying deposits.
Mississippian
After this phase of erosion, which lasted until the early Tournaisian, the whole area was leveled and covered by a quiet sea with an anaerobic mud floor (Vegamián Formation), surrounded by an area with limestone development (Baleas Formation; see Wagner et al., 1971; Eichmüller and Seibert, 1984: Fig. 3 ). The Vegamián faunas are either pelagic (e.g., entomozoid ostracodes; Jordan and Bless, 1970) or consist of small invertebrates, concentrated at certain levels, that may represent material drifted in after a storm, perhaps attached to seaweed (cf. Amler and Winkler Prins, 1999; Winkler Prins and Martínez Chacón, 1999) , with a connotation of quiet water below wave base (Winkler Prins, 1991; Martínez Chacón and Winkler Prins, 1993) . Sediment supply diminished and practically stopped during the deposition of the succeeding Genicera Formation (also called Alba Formation), a succession of nodular to wavy bedded (griotte) limestones of greenish-grey and pink colours, usually enclosing a dark red chert layer (varying from black to white through bleaching), called the Lavandera Member (Wagner et al., 1971) . This suggests that the hinterland area was peneplained and probably flooded most of the time. The Genicera Formation contains characteristically large ammonoids and is rich in conodonts. Radiolaria are also found (as in the phosphatic nodules of the Vegamián Formation) and foraminifera, which indicate a gradual deepening in upward succession (Balthasar and Amler, 2003) . The faunas, including brachiopods, trilobites, corals, and molluscs are again indicative of a quiet water environment, but -oddly enough -large crinoids (belonging to the genus Balearocrinus) and a large brachiopod, i.e., typical Martinia glabra, do occur as well (Amler and Winkler Prins, 1999) . The top of the Genicera Formation reaches the early Serpukhovian (Arnsbergian), when it is succeeded gradually by dark grey, laminated, fetid limestones of the Barcaliente Formation of Serpukhovian to earliest Bashkirian Age, representing turbidites in a starved basin (allodapic limestones of Reuther, 1977: 50) . Subsidence increased, since during the Serpukhovian 50-200 m of limestone were deposited as compared to the less than 50 m for the combined Tournaisian and Viséan. The basin became shallower towards the top of the formation, where breccias (Porma Breccia of Reuther, 1977) and (replaced) gypsum crystals suggest sedimentation in a very shallow, probably intertidal sea (Winkler Prins, 1968: 59; Eichmüller, 1986) . Also, the hinterland probably started to rise, as indicated by the development of siliciclastic turbidites replacing the lower part of the Barcaliente Formation in the extreme south (Olleros Formation), at the same place where the top part of the Genicera Formation is replaced by red fossiliferous shales (the Olaja beds; see Wagner et al., 1971: Fig. 6 ). These are the first signs of the strong tectonic movements that dominated the Cantabrian Mountains during the Pennsylvanian, when a cumulative thickness of some 16,000 m of flysch and molasse type sediments were deposited. Fossils are extremely rare in the Barcaliente Formation, but conodonts have been found (Méndez and Menéndez Álvarez, 1985) . A conodont fauna typical for the basal Bashkirian of Central Asia has been found at an atypical succession (Palentian facies) near La Lastra in northern Palencia (Nemyrovska, Personal communication 2005) . At the La Lastra section no change in the sedimentation can be noticed at the mid-Carboniferous boundary, normally connected with an important eustatic lowering of the sea level. On the other hand, it is possible that the intertidal deposits with collapse breccias in the upper part of the Barcaliente Formation (spectacular examples of which are found in the type section in the Curueño Valley with blocks of 1 m 3 in a white spar matrix, see Winkler Prins, 1971 ) are linked to this event.
Pennsylvanian
During the larger part of Bashkirian times thick carbonate platform deposits were laid down around a central, more stable area. These platform deposits include reef limestones (Winkler Prins, 1968; Eichmüller and Seibert, 1984; Minwegen, 2001) of the Valdeteja Limestone Formation succession (675 m at the type section; Winkler Prins, 1968 Prins, , 1971 . The rather thin Barcaliente Formation and the Ricacabiello formation, a condensed succession of grey and purplish shales with manganese nodules, are found in the central part of the basin. These formations contain a fauna of "Culm" type indicating quiet, rather deep waters . In late Bashkirian to early Moscovan times, siliciclastic turbidites grading into shales with limestone bands and occasional reefoid mounds (San Emiliano Formation and equivalents) rest upon or partially replace the Valdeteja Limestone in the west and south (Bowmann, 1985) . This pattern of shallowing upwards cycles, ideally from turbidites through shallow marine and paralic deposits to coals and conglomerates (cf. , is repeated throughout the Moscovian, with the clastic sedimentation shifting from west to east (Bless and Winkler Prins, 1973) and a decreasing marine influence towards the top. Only in the extreme east, in the more stable Picos de Europa area, carbonate deposition was continuous into the Gzhelian (late Stephanian; see Villa and van Ginkel, 1999) . The largely marine uppermost Moscovian (upper Myachkovsky) and Kasimovian deposits were laid down in an unconformable basin in eastern León and Palencia (the post-Leonian basin; see Wagner and Winkler Prins, 1985; . The upper Barruelian and Stephanian B was deposited in a subsequent unconformable basin covering the southern part of the Cantabrian Mountains (post-Asturian basin; see Wagner and Winkler Prins, 1985: 386) . This basin, which is almost entirely marine in the area close to the foreland in eastern Asturias, is represented by generally nonmarine coal-bearing successions in a string of coalfields following the arcuate fold belt in northern León, northeastern Palencia, and western Asturias. The Valdeteja and San Emilano formations and the Cuera Limestones (Bashkirian-Upper Moscovian) are considered in some detail below, because their brachiopod faunas are the best-known faunas of reef affinity from the Carboniferous of the Cantabrian Mountains.
Valdeteja Formation
Originally described as the Valdeteja Member of the Escapa Formation (Winkler Prins, 1968) , the Valdeteja Limestone was raised to formation rank by Wagner et al. (1971) and its type section was redescribed (Winkler Prins, 1971) . It typically consists of a thick (up to 700 m) succession of mainly light grey limestones containing algae, locally forming algal mounds and foraminifera and occasional fossiliferous bands with brachiopods, corals, bryozoans, conodonts, etc. These fossiliferous bands may be due to shallowing, which is presumably related to sea-level movements, which are the result of intermittent subsidence of the basin. The formation is exposed in nearly vertical successions in thrust sheets several kilometres apart; these successive sections do not allow a three-dimensional picture to be obtained. Both in East-West and North-South directions the formation can be traced for more than a hundred kilometres. The lack of a three-dimensional picture hampers the distinction of the reef structures, which are mainly algal mounds. Extensive dolomitisation and recrystallisation further complicate matters. For example, the importance of coral ghost structures in massive, recrystallised limestone beds cannot be assessed properly (Winkler Prins, 1968: 49) . However, it appears obvious that no true coral reefs were present. The carbonate platform of the Valdeteja Formation formed an external rim around a basin, where the mud sedimentation did not keep up with subsidence, a situation comparable to the Viséan reefs in Derbyshire (Wolfenden, 1958) . The Valdeteja Formation is of Bashkirian age ranging locally into the earliest Moscovian (Villa et al., 2001) .
The massive limestones of the Valdeteja Formation, forming high mountains and deep gorges (hence the old names "caliza de montaña" and "calcaire des cañons"), are not inviting for fossil collecting and for a long time they were considered unfossiliferous (e.g., Martínez Díaz, 1969), though fossils have been found and a rich fauna from the Latores locality in Asturias has been listed by Delépine and Llopis Lladó (1956) . The faunas of the Valdeteja Formation are linked to certain horizons (see Winkler Prins, 1968) or occur in pockets, probably related to reef structures (op. cit., loc. 10, north of Cármenes). The brachiopods are by far the most important part of the Valdeteja faunas. Among the microfaunas the foraminifera are most important for dating (Villa, 1982 (Villa, , 1989 Villa et al., 2001 ), but conodonts (van den Boogaard and Bless, 1985; Méndez and Menéndez Álvarez, 1985) and ostracodes (Bless and Sánchez de Posada, 1973; Sánchez de Posada, 1976; Becker, 1982) also occur (Sánchez de Posada et al., 1996) . The latter are of Eifelian type, quite distinct from the Thuringian ones of quiet water deposits (Vegamián, Genicera and Ricacabiello formations). Bryozoans, porifera, anthozoa (de Groot, in Winkler Prins, 1971; Boll, 1985) , crinoid ossicles, bivalves, and gastropods are occasionally found; trilobites (Gandl, 1987) , ammonoids (Wagner-Gentis, in Martínez Chacón, 1979) and rostroconchs (Babin et al., 1999) are rare. Algae (Rácz, 1964; in Winkler Prins, 1968: Table 3; Eichmüller, 1985) play an important role as mud binders, forming Donezella mounds (Riding, 1978; Bowman, 1979) . The first comprehensive list of brachiopods from the Valdeteja Formation was published by Delépine and Llopis Lladó (1956) . Descriptions of the Productidina were given by Winkler Prins (1968 ), while Martínez Chacón (1977 described the Orthida, Productida, Orthotetida, and Rhynchonellida.
San Emiliano Formation
The San Emiliano Formation was originally described by Brouwer and van Ginkel (1964) and formally introduced with a type section by Bowman (1979 Bowman ( , 1982 Bowman ( , 1985 ; see also Carballeira et al., 1985; . Bowman described the occurrence of Donezella mud mounds in its middle, La Majua, Member and associated oncolithic marls with well-preserved and varied brachiopod faunas. The San Emiliano Formation overlies, and partly replaces laterally, the Valdeteja Formation and is of late Bashkirian to early Moscovian age. Although the deltaic environmental setting is quite different from that of the earlier Valdeteja Formation, its faunas are rather similar but less specialised. These mounds were also described from the Cármenes Syncline by Riding (1978) , who warned that similar structures could be produced by diagenesis. The deposits described by him are, however, younger and attributed to the Lois-Ciguera Formation by Rácz (1964) , who described the algae and mentioned the mounds (see also van Ginkel and Villa, 1996) .
The lower, Pinos, Member is practically unfossiliferous. In the La Majua Member algae are found in the limestones (Rácz, 1964) , occasionally forming mounds (Bowman, 1982) . This member contains well-preserved brachiopod faunas in the marly layers, as well as corals (Kullmann and Rodriguez, 1986) , gastropods, bivalves, rostroconchs (Babin et al., 1999) , porifera (García-Bellido and Rigby, 2004) , trilobites (Romano, 1971; Gandl, 1987) , ostracodes (Fernández López and Sánchez de Posada, 1987) , crinoids, and echinoids (Winkler Prins, 1968; Sánchez de Posada et al., 1996) . Fusulinid foraminifera were helpful in dating the formation ( van Ginkel, 1965; Bowman, 1982; van Ginkel and Villa, 1996) ; its conodont faunas have not yet been described. In the upper, Candemuela, Member the (brachiopod) faunas (Martínez Chacón, in Carballeira et al., 1985) are mainly found as moulds in mudstones. Macrofloral elements have been used for correlation with northwestern Europe (Wagner and Bowman, 1983 ). Brachiopods were first described by Winkler Prins (1968 ,1978a , b, 1979 ; together they presented a summary of the brachiopod faunas Winkler Prins, 1986, 2000) .
Cuera Limestones
The "Calizas del Cuera" (Cuera Limestones), an about 1,000 m thick limestone succession of Bashkirian and Moscovian ages, has been informally described by Navarro et al. (1986) . It was deposited on a stable carbonate platform adjacent to the Picos de Europa area, but shows a variety of limestone facies with an occasional sandstone intercalation (op. cit.: Fig. 4) . A sedimentological study of the type area (della Porta et al., 2004) showed the influence of tectonic subsidence, sea-level fluctuations and high carbonate accumulation rates. The occurrence of the brachiopod Aseptella asturica (Martínez Chacón and Winkler Prins, 1977) in the basal part, just above the Barcaliente Formation, suggests a rather quiet depositonal environment, showing some similarities with those of the San Emiliano Formation (cf. Martínez Chacón and Winkler Prins, 1993) . It is mainly in the upper part (upper Moscovian) that Donezella mounds are found and the brachiopod fauna of that part (Martínez Chacón, 1990 compares better with that of the Valdeteja Formation.
The upper part of the Cuera Limestones, especially at the locality Hontoria, has rich faunas: bryozoans, corals (de Groot in Martínez Chacón, 1979; Rodriguez and Ramírez, 1987) , bivalves, gastropods, crinoids, and ostracodes (Sánchez de Posada and Bless, 1999; Sánchez de Posada and Fohrer, 2001) . Rich fusulinid faunas were found as well (Villa Otero, 1995) , whereas conodonts are rare. Both below and above the limestone at Hontoria, miospores were found indicating a Westphalian D age (García Bartolomé et al., 2003) . The brachiopods were described by Martínez Chacón (1975 Chacón ( , 1977 Chacón ( , 1979 Chacón ( , 1990 Chacón ( , 1991 Martínez Chacón and Bahamonde, in press ; see also Sánchez de Posada et al., 1993) .
Discussion of the Brachiopod Faunas from the Cantabrian Mountains
The analysis of the brachiopod faunas associated with these reefs is here confined to examples from the Bashkirian and Moscovian of Asturias and León, since these brachiopod faunas are currently the best known. The brachiopod faunas from the Cuera Limestones have been largely described (Martínez Chacón, 1990 Martínez Chacón and Bahamonde, in press ), but complete descriptions of the other faunas, especially those from the Valdeteja Formation, are still outstanding. The information on the brachiopod faunas is summarised in Table 1 . A short discussion of the brachiopod reef assemblages from the Valdeteja Formation and Cuera imestones was given by Martínez Chacón (in Sánchez de . The inarticulate brachiopods are rare in the reef faunas and are not considered here. The Rafinesquinidae, represented in the Viséan Cracoe reef environment of Yorkshire by Leptagonia, became extinct before the end of the Mississippian. Chonetidina are not specific for a reefoid environment with agitated water, and indeed more commonly associated with a muddy sea floor. The occasional specimens probably lived in sheltered areas. On the other hand, many of the Productidina and Strophalosiidina preferred agitated water (e.g., Fluctuaria undata; see Fig.  2 (6) ) and some forms are considered characteristic of a reef environment (e.g., Mundy and Brunton, 1985; Mundy, 1986, 1988; . Examples, also found in the Cantabrian Mountains, are Productina, Eomarginifera, Heteralosia, and possibly Limbifera (figured as Institina? sp. by Martínez Chacón and Winkler Prins, 1993; see Fig. 2 (2)); Plicatiferina had presumably a similar lifestyle as Plicatifera and thus may be considered another example (see specimen with attachment ring of Fig. 2 (9) ). Proboscidella proboscidea was found in a reef limestone assigned to the Perapertú Formation near Verbios (Palencia), which is early Moscovian in age (Fig. 2 (7) ). The "reef-building" Richthofenioidea (Flajs et al., 1996) are extremely rare in the Cantabrian Mountains; in fact, only one specimen of Zalvera sp. has been described so far from an upper Moscovian limestone in Palencia (Brunton, 1996;  Fig. 2 (5) ). Parmephrix, a characteristic element of the Viséan reefs in Derbyshire , has only been found questionably in quiet water faunas of the Tournaisian black shales of the Vegamián Formation: Parmephrix? aprathensis (cf. Martínez Chacón and Winkler Prins, 1993). These specimens probably drifted in attached to goniatites as suggested by their ornamentation. A recent revision of the brachiopods from the Valdeteja Formation (see Martínez Chacón and Winkler Prins, 2006a) and notably of the locality of Latores (Martínez Chacón and Winkler Prins, 2006b ) has shown the presence of rare specimens related to typical reef-related taxa from the Viséan of the British Isles Brunton and Mundy, 1988) , such as Stipulina? sp., Institina? sp., and Retroplexus? sp. (Fig. 2 (4, 5) ). The Incisiini gen. et sp. nov. (the genus has been referred to with the nomen nudum "Regrantia", e.g., Martínez Chacón and Winkler Prins, 1993) has occasionally been found in the Valdeteja and San Emiliano formations and thus is the oldest known member of the tribe. It does not seem to be particularly adapted to a reef environment, lying anchored in the mud with its spines. Table 3 , which is continued after Table 4, Martínez Chacón, 1979 , 1990 Martínez Chacón and Winkler Prins, 1986 , 2006 Carter and Poletaev, 1998; Wolfenden, 1958; Brunton, 1984 Brunton, , 1987 Brunton and Tilsley, 1991.) Brachythyris sp.
Table 1. List of species occurring in the Cantabrian Mountains (Spain; A-D) and Hiare Fiord (Canada; E), and their occurrence in the Viséan of the British Isles (F-G). The Inarticulates are not included since they are not considered relevant. (From Winkler Prins, 1968:

X sp.
Meristorygma arctica (Carter) sp.
sp.
X
Reticularia lineata (Sowerby) cf.
Kitakamithyris? sp. (Fig. 2 (2) ) is assigned with some reserve to Tubaria genuina because of its tube, transverse shape and large convex ears (see Brunton et al., 2000 Fig.2 (5) ).
Some Orthida, such as Schizophoria, are common in a reef environment but also occur in other deposits. The same holds true for some Orthotetidina, like Diplanus and Streptorhynchus with their large interareas, and for the Stenoscismatoidea with forms like Stenoscisma and Callaiapsida. The importance of differences in internal structures in many small, attached forms for their way of life and for their relations is difficult to judge. Lambdarina was a small rhynchonellid that lived sheltered in the reef (e.g., Brunton and Champion, 1974; Bassett and Bryant, 1993) , possibly attached to algae or bryozoans. Rhynchopora also appears to be characteristic of reef environments in Pennsylvanian and Permian times. This genus may have been derived from the Viséan Tretorhynchia. Several Athyrididina species lived on the reefs but not exclusively so, since they were not particularly adapted to them. The same holds true for many representatives of the Spiriferida and Spiriferinida, but some forms were particularly well adapted to agitated water through their relatively large interareas (Cantabriella, Avisyrinx, Altiplecus) and large size (Trautscholdia), although Cantabriella and Trautscholdia are also found in mudstones. The Terebratulida have no apparent adaptations to life on a reef, other than their pedicle attachment, and the Spanish material has not been studied in sufficient detail to allow consideration here.
Relation with Other Areas
As an example of Viséan reefs from Northwest Europe the Craven reef belt of North Yorkshire (Table 2) is chosen for comparison, since the brachiopod faunas are well known through the summary by Wolfenden (1958) and the work of Brunton and others (e.g., Brunton and Mundy, 1988; Brunton and Tilsley, 1991; . Data from Ireland (Brunton, 1966 (Brunton, , 1968 (Brunton, , 1984 (Brunton, , 1987 Harper and Jeffrey, 1996) only marginally modify the picture. They have many genera and species in common with the Valdeteja Formation, which at first glance make the impression of Viséan faunas. Only some Moscovian elements (e.g., Chaoiella, Reticulatia, and Rhynchopora) and the absence of some of the more typical Mississippian forms, such as Leptagonia and Gigantoproductus, suggest a younger, i.e., Bashkirian, age (Winkler Prins, 1968) , which has been corroborated by fusulinid evidence (Villa, 1982) .
Although it is less apparent when considering only the reef-related faunas, there is a close relationship between the Carboniferous brachiopod faunas from the Cantabrian Mountains and those from the Carboniferous-Permian of the Carnic Alps and the Karavanke Mountains in Slovenia with genera such as Isogramma and Eolyttonia (e.g., Ramovš, 1971; Winkler Prins, 1983; Martínez Chacón and Winkler Prins, 1993) , and to a lesser extent also with the Bükk Mountains (Gulyás-Kis, 2004) . Also other faunal elements, such as the corals (Rodriguez et al., 1986; Kullmann and Rodríguez, 1994) and ostracods (Sánchez de Posada and Fohrer, 2001) , show a close relationship with the Carnic Alps. The connections extended along the Palaeotethys as far east as Thailand, though no , 1983) . The Urals were a less closely related area during the Carboniferous but the late Pennsylvanian and early Permian show some specialised forms belonging to genera known from earlier deposits in the Cantabrian Mountains, e.g., Rugivestis kutorgae (Tschernyschew, 1902) and Avisyrinx? expansa (Tschernyschew, 1902) . The Spitsbergen faunas are similar to those from the Urals, but typical reef forms are seemingly absent. The Permian brachiopods from Greenland appear to be rather distinct, probably due to palaeoecological and climatic differences. Surprisingly, the brachiopod fauna from the upper Bashkirian or lower Moscovian Hare Fiord Formation of Ellesmere Island (Canadian Arctic Archipelago) (Carter and Poletaev, 1998) proved quite similar to the Spanish faunas, particularly from the Valdeteja Formation. Excluding the terebratulids, Hare Fiord has 28 of its 42 genera in common with the Cantabrian Mountains, which is more than with the Urals or with Texas (see Table 2 ). The similarity is even greater when one considers such closely related forms, as Tubaria and Kutorginella (see Table 1 ; Fig. 2 (3) ), Pontisia and Antronaria and Eomartiniopsis and Heteraria. The fact that they derived in part from bryozoan reef mounds (Carter and Poletaev, 1998: 106 ) is a partial explanation. One wonders, however, whether the connection with the Canadian Arctic was through the Arctic, Spitsbergen and the Urals, or whether there existed another seaway along eastern North America, as suggested by Bless and Winkler Prins (1972) . Unfortunately, the Pennsylvanian brachiopod faunas from the Appalachians are practically undescribed. 
Conclusions
The Bashkirian-Moscovian basin with reefoid deposits in the Cantabrian Mountains has apparently played an important role in providing a niche for the survival of reef-related brachiopod faunas during the Pennsylvanian, bridging the gap between the Mississippian brachiopods from reefoid deposits in northern Europe and the Permian faunas from reefs in the Urals and Texas. Surprisingly, they have their counterpart on Ellesmere Island in the Canadian Arctic, another refuge for these brachiopods during the Bashkirian-Moscovian. Also, the Cantabrian Mountains provided the first examples of some specialised brachiopods, such as the Incisiini (Regrantia nomen nudum), Avisirinx and Rugivestis, the latter genus being also present on Ellesmere Island.
